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ABSTRACT— Three Cortinarius species, C. barbatus, C. osmophorus, and C. Saturninus, 
have been identified as new records for the Turkish mycota based on macro- and 
micromorphological characters, and their identifications were supported by molecular 
(rDNA ITS) phylogenetic data. The Turkish specimens are illustrated, and their diagnostic 
characters are compared with published descriptions of the same species and related taxa. 


Key worps— Agaricales, Cortinariaceae, Eastern Anatolia, Bingöl, Bitlis, Hakkâri 


Introduction 

Cortinarius (Pers.) Gray is a taxonomically complex genus of 
Cortinariaceae that shows a high degree of morphological variability 
(Liimatainen 2013). Morphological characters include a convex (often 
umbonate) smooth pileus, emarginate to adnate lamellae, brown to rusty 
brown ornamented basidiospores, and a cobweb-like partial veil attaching 
stipe and pileus (Ammirati & al. 1985, Hoiland & Holst-Jensen 2000). The 
two most diagnostic characters of the genus are the presence of a cortina 
(partial veil) between the pileus and the stipe and rusty brown spores (Kirk 
& al. 2008, Uzun & al. 2013). 

Cortinarius is the largest genus of ectomycorrhizal fungi, distributed 
worldwide in temperate areas, coniferous forests, and arctic and alpine 
tundra (Brandrud & al. 1990-2018). Many Cortinarius species are endemic, 
probably due to climatic and edaphic factors (Garnica & al. 2005; Stefani 
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& al. 2014). The many cryptic taxa within the genus complicate species 
identification (Niskanen & al 2013). The varying interpretations of 
morphological characters among mycologists often cause disagreements over 
species concepts (Liimatainen 2013), which has produced a proliferation of 
synonymous species names within the genus. 

Most researchers have used molecular markers to support their species 
identification (Garnica & al. 2003, 2005, 2009; Peintner & al. 2003; Froslev 
& al. 2005, 2007; Ortega & al. 2008; Liimatainen & Niskanen 2013; Stensrud 
& al. 2014; Stefani & al. 2014; Liimatainen & al. 2017; Sesli & Liimatainen 
2018). Garnica & al. (2005) and Frøslev & al. (2007) showed that the rDNA 
ITS region is a particularly useful marker for species level identification for 
Cortinarius. 

The literature (Sesli & Denchev 2014; Akata & al. 2015; Güngór & al. 2015; 
Sesli & Moreau 2015; Sesli & al. 2015, 2016; Sesli 2018; Sesli & Liimatainen 
2018; Acar & Kalmer 2018; Kalmer & al. 2019) has reported 116 Cortinarius 
species from Turkey. 

Three additional Cortinarius species—C. barbatus, C. osmophorus, 
C. Saturninus—reported as new for Turkey and supported by morphological 
characters and molecular data are described below. 


Materials & methods 


Taxon sampling and morphological studies 

Cortinarius samples were collected from Turkey’s Bitlis, Hakkari, and Bingól 
provinces in 2018. During fieldwork, specimens were photographed with a Canon 
(EOS 60D) camera equipped with a Tokina 100 mm macro lens. Macroscopic 
characters (pileus, stipe, lamellae, and cortina) were recorded from fresh materials. 
Measurements were made of at least 50 spores and 20 basidia and cheilocystidia 
from two samples of each specimen. Sections were mounted in distilled water, congo 
red, and 396 KOH solution for examination of spores, basidia, basidiospores, and 
marginal cells under a Leica EZ4 stereo microscope and tissues under a Leica DM500 
research microscope. Measurements were made using the Leica Application Suite 
(version 3.2.0) programme and identified according to Cortinarius literature (Lange 
1938; Zerova & al. 1979; Arnolds & Kuyper 1995; Phillips 2006; Froslev & Jeppesen 
2008; Brandrud & al. 2012, 2014; Liimatainen & al. 2014; Soop 2018). Specimens 
were deposited in the Fungarium of Van Yüzüncü Yil University (VANF). 


Molecular studies 

Genomic DNA was extracted from dried basidiomata using the CTAB 
method (Doyle & Doyle 1987). The purity and quantity of extracted DNA were 
determined by using NanoDrop2000c UV-Vis Spectrophotometer and 0.896 
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Fic. 1. Cortinarius barbatus (VANF Acar1076): a, b. Basidiocarp; c, d. Basidiospores; 
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agarose gel electrophoresis. DNA was amplified in 25 ul volume mixtures containing 
genomic DNA (10 ng/ul), 10x PCR Buffer, MgCl, (25 mM), dNTP mixture (10 
mM), selected primer pair (10 uM), Taq polymerase (5u/ul) and sterile water. 
The ITS (ITS1-5.8S-ITS2) region was amplified using primer pairs N-nc18S10 
5’AGGAGAAGTCGTAACAAG3’ and C26A 5’GTTTCTTTTCCTCCGCT3’ (Wen & Zimmer 
1996). The amplicons were run in a 1% agarose gel and visualized by staining with 
Gelred dye. Positive reactions were sequenced with forward and reverse PCR primers 
in an ABI 3730XL automated sequencer, and the resulting sequences were assembled 
and edited using Alibee Multiple Alignment 3.0 software from the GeneBee website 
(www.genebee.msu.su/genebee.html). Ambiguous sites were checked manually and 
corrected through strand comparison. The newly generated ITS sequences were 
deposited in GenBank. 


Phylogenetic results 

The amplified ITS region was approximately 650 bp long and encompassed 
the complete ITS1, 5.88 and ITS2 subregions. Basic Local Alignment Search 
Tool (BLAST) (Altschul & al. 1997) analysis was performed using the National 
Center for Biotechnology Information (NCBI) database. Identity values of 
our three specimens were: C. barbatus 99.14%; C. saturninus 99.78%; and 
C. osmophorus 100%. 


Taxonomy 


Cortinarius barbatus (Batsch) Melot, Doc. Mycol. 20(77): 94 (1989) FIG. 1 

PiLEUS 20-50 mm, hemispherical when young, later convex to plane, sticky, 
glabrous, white to ivory with a white margin. LAMELLAE cream colored when 
young, later greyish cream brown and brown colored when mature. STIPE 
35-70 x 5-10 mm, cylindrical to ventricose-fusiform and rooting, the aerial 
portion is yellowish brown over a white ground, the subterranean portion is 
white, longitudinally fibrillose, weakly viscid. 

BASIDIOSPORES 7-9.5(-9.8) x 4-5(-5.7) um, amygdaliform, rather weakly 
verrucose, pale straw-colored. BAsipiA 24-35 x 6-8.4 um, cylindrical to 
clavate, guttulate, hyaline. MARGINAL CELLS 14.5-23 x 5.2-7 um, clavate, 
hyaline. PILEIPELLIS hyphae x27 um diam, clamp connections absent. 

SPECIMEN EXAMINED: TURKEY, HAKKÁRI Şemdinli, Öveç village, 37.3718°N 
44.4762?E, 1484 m, under Populus and Quercus sp., 15.10.2018, I. Acar (VANF Acar1076; 
GenBank MN197665). 
CoMMENTS—Cortinarius barbatus is characterized by its white cap and stipe, 
bitter flesh, cream-greyish gills, and amygdaliform spores. According to Soop 
(2018), key characters of C. barbatus are its white cap and bitter flesh, which 
our material also possesses. 
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Fic. 2. Cortinarius osmophorus (VANF Acar1133): a, b. Basidiocarps; c, d. Basidiospores; 
e, f. Basidia; g, h. Marginal cells; i, k. Pileipellis. (d, f, h, k in Congo Red). 
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Cortinarius barbatus is morphologically similar to C. alboamarescens Kytóv. 
& al. and C. emollitoides Bidaud & al., but the three taxa are molecularly distinct. 


Cortinarius osmophorus P.D. Orton, Trans. Brit. Mycol. Soc. 43(2): 210 (1960) Fie. 2 

Piteus 50-90 mm, hemispherical to convex when young, then expanded, 
curved when mature, initially light yellow, whitish to cream, pale ochraceous 
yellow when young, ochraceous to brownish when mature, surface viscous, 
without veil remnants. ODOUR strong, sweetish (like orange blossoms). 
LAMELLAE greyish white, then brown colored. Stipe 40-70 x 7-17 mm, 
whitish, yellowish brown, longitudinally brown fibrillose due to cortina, the 
base abruptly marginate and covered with a whitish veil at the margin. 

BASIDIOSPORES 9-11(-13) x (4.6-)5-6(-7) um, amygdaliform to citriform or 
ellipsoid, coarsely verrucose. BASIDIA 26-40 x 6.5-9.3 um, hyaline, cylindrical 
to clavate. MARGINAL CELLS 18-30 x 5-10 um, mainly clavate, sometimes 
cylindrical or lageniform. PILEIPELLIs hyphae <8 um diam, clamp connections 
present. 

SPECIMEN EXAMINED: TURKEY, BINGOL, Genç, Tarlabaşı village, 38.6981°N 40.490°E, 

1165 m, under Populus and Quercus sp., 03.12.2018, I. Acar (VANF Acar1113; GenBank 

MN197666). 
ComMMENTS—Phillips (2006) previously reported Cortinarius osmophorus 
from beech woods on chalk, while the collection from Bingól associated with 
Populus and Quercus spp. 

Cortinarius osmophorus, which is similar to C. aquilanus T.S. Jeppesen & 
Froslev, C. cruentipellis Kytóv. & al., C. caesiocortinatus Jul. Schaff., and C. talus 
Fr., characteristically has a strong orange blossom odor resembling that of 
Hebeloma sacchariolens. 


Cortinarius saturninus (Fr.) Fr., Epicr. Syst. Mycol.: 306 (1838) Fic. 3 

PiLEus 30-100 mm, obtusely conic, hemispherical or campanulate 
when young, with or without low broad umbo, surface smooth, strongly 
hygrophanous, pale ochraceous, brown to reddish brown, chestnut-brown with 
a purple to violet tinge, centre sometimes red-brown, silvery shining, margin 
covered with white fragments and fibrils. LAMELLAE rather broadly adnate, 
cinnamon to purple-brown, then ocher brown, often with a violet tinge, edge 
paler. STIPE 30-80 x 7-18 mm, cylindrical, often slender, swollen towards 
base to subbulbous, silvery whitish to greyish violet, apex violet, covered with 
longitudinal white fibrils. 

BASIDIOSPORES 7.5-11.7 x 4-6 um, oblong, elliptic, amygdaliform, 
moderately to strongly verrucose. BASIDIA 25-37 x 5-10 um, hyaline, cylindrical 
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Fic. 3. Cortinarius saturninus (VANF Acar1055): a, b. Basidiocarps; c, d. Basidiospores; 
e, f. Basidia; g, h. Marginal cells; i-j. Pileipellis (d, f, h, j in Congo Red). 
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to clavate, 4 spored. MARGINAL CELLS 17-25 x 4-7.5 um, cylindrical to clavate. 
PILEIPELLIS hyphae <18 um diam, clamp connections absent. 

SPECIMEN EXAMINED: TURKEY, BITLIs, Kuzgunkuran gateway, 38.3644°N 42.7561°E, 

1938 m, roadside, under Salix sp. trees, 15.05.2018, I. Acar (VANF Acar1055; GenBank 

MN197667). 
COMMENTS—Cortinarius saturninus is characterized by persistent veil 
remnants on the stipe and strongly verrucose spores. Lange (1938) who reported 
C. saturninus in Flora Agaricina, describes material that differs slightly [mostly 
ellipsoid spores] from our material due to the different ecological conditions. 
Our material is highly compatible with the descriptions by Phillips (2006) and 
Soop (2018). 

Cortinarius saturninus, which is highly variable in the field, may easily 

be confused with C. confirmatus Rob. Henry, C. cyprinus Bidaud & al., and 
C. imbutus Fr., which can occur in similar habitats. 


Discussion 

Cortinarius barbatus belongs to C. sect. Vibratiles (in C. subg. Myxacium) 
and characterized by white pileus and stipe, bitter flesh, and amygdaloid spores 
(Soop 2018; Soop & al. 2019). Cortinarius sect. Vibratiles is characterized by 
medium-small size basidiomes, a viscous pileus and stipe, and bitter context. 
Phylogenetically C. barbatus appears closely related to C. alboamarescens and 
C. emollitoides. Determining C. barbatus and C. alboamarescens to species 
can be difficult because of the morphological similarities. ITS sequence 
differences separated C. barbatus (our sample) from C. alboamarescens with 
fewer than 10 substitutions and indel positions. Cortinarius alboamarescens is 
characterized by very small almost subglobose spores and is the only known 
white species of the section that occurs in coniferous forests (Ariyawansa & 
al. 2015). Cortinarius emollitoides is distinguished from C. barbatus by its 
viscid yellow to yellow-brown pileus and less bitter taste. 

Phylogenies by Garnica & al. (2005) and Froslev & al. (2007) place 
C. osmophorus in C. sect. Calochroi (of C. subg. Phlegmacium). Species in 
this section are characterized by basidiomes with an abruptly marginate 
stipe base, well-developed gelatinous pileus, and KOH-reactive pigments 
(Garnica & al. 2009). Cortinarius osmophorus is characterized by the sticky, 
pale yellowto brownish pileus, abruptly marginate stipe, ornamented spores, 
and strong odour. The species grows mainly in Fagus forests in the Southern 
hemisphere (Phillips 2006, Froslev & al. 2006, Soop 2018). Macroscopically, 
C. osmophorus resembles C. aquilanus. However, C. aquilanus, which grows 
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under Fagus sylvatica, is distinguished from C. osmophorus by its fairly sparse 
veil remnants and yellowish spots on the stipe (Froslev & Jeppesen 2008). 
Additionally, C. caesiocortinatus and C. cruentipellis are separated from 
C. osmophorus by their purple-colored lamellae (Soop 2018). 

Cortinarius saturninus, which belongs to C. sect. Saturnini (Liimatainen 
& al. 2017), differs from related species by its persistent veil remnants on 
the stipe and strongly verrucose spores. The species may be confused with 
C. imbutus, C. cyprinus, and C. confirmatus, also representatives of Cortinarius 
subg. Telamonia, in the field because they can occur in similar habitats. 
Lilac-greyish lamellae and abundant veil remnants on the stipe help identify 
C. imbutus. Liimatainen & al. (2017), characterize C. confirmatus by by one 
of the following character combinations: (1) absence of veil remnants on the 
stipe and not fruiting in dense clusters, (2) abundant veil remnants on the 
stipe and densely fruiting under Populus alba, or (3) a reddish tinted pileus 
and densely fruiting under Betula pendula. Phylogenetically, C. saturninus 
(our sample) and its sister species C. cyprinus differ by 3 substitutions and 
2 indels. 

Both morphological and molecular analyses support the identification of 
the newly recorded Cortinarius species in the current study. The addition 
of these three additional species increases the total of reported Cortinarius 
species in Turkey to 119. 
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